Chloroplast is an important organelle and a hub of photosynthetic reactions that occur in all plants. Majority of the chloroplast proteins are encoded by the nucleus and then transported into the chloroplast. The chloroplast transport is aided by leader sequence, chloroplast targeting peptide (cTP) that directs the proteins into the chloroplast. We identified the genes encoding chloroplast targeting proteins from chickpea (Cicer arietinum) and pigeonpea (Cajanus cajan and Cajanus cajanifolius) genomes. All the sequences were aligned, conserved motifs were identified and their phylogeny was deciphered. In this study, structural and functional features of chloroplast transit peptides of Ferritin-1 and its putative role in chloroplast targeting have been examined. The study would impart better understanding of targeting heterologous proteins to chloroplasts in pulses.
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THE chloroplast is the site of photosynthesis that supports the life of most of the living organisms. Chloroplast targeting has emerged as an important tool for heterologous expression of transgenes in plants. The targeting of transgenes into the chloroplast by using a suitable strategy with an efficient expression cassette containing all the required elements has been the need of the day. Majority (90%) of the 3000 different proteins necessary for fully functional chloroplasts are known to be encoded by nuclear DNA. These proteins are synthesized in their precursor forms with an amino-terminal signal peptide called the transit peptide 1 . A signature peptide sequence (chloroplast target peptide) drives protein into chloroplast and gets cleaved off after reaching target destination, delivering the protein to its destined cellular compartment 2 . Chloroplast targeted expression of genes such as anthranilate synthase for increasing tryptophan production in maize has been achieved using novel constructs encoding chloroplast transit peptide 3 . Looking into the importance of cTP sequences in localizing transgenes, this study is based on the isolation of three cTP candidate sequences from chickpea and pigeonpea genome and their structural characterization. Chloroplast targeting proteins along with the predicted transit peptide sequences were retrieved from Uniprot (http://www.uniprot.org/). Heterologous transit peptide coding sequences of chloroplast targeted proteins from chickpea and pigeonpea genomes were retrieved from NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
The sequences obtained were translated and the peptides predicted for the presence of putative plastid targeting sequence using Predotar 4 (https://urgi.versailles.inra. fr/predotar/test.seq). The sequences were also subjected to cleavage site predictions using ChloroP 5 (http://www. cbs.dtu.dk/services/ChloroP/) and TargetP 6 (http://www. cbs.dtu.dk/services/TargetP/). Sequence alignment and phylogeny analysis was performed using Bioedit and MEGA6 (ref. 7) using Neighbour-Joining algorithm and a 1000 bootstrap value. Conserved motifs in cTPs were identified using MEME 8 (http://meme.nbcr.net/meme/ cgi-bin/meme.cgi). The presence of secondary structures was predicted using the Jpred4 (ref. 9) (http://www. compbio.dundee.ac.uk/jpred4). The analysis of residues found within the peptide sequence was done using the Phyre2 (ref. 10) (http://www.sbg.bio.ic.ac.uk/ phyre2).
Most proteins involved in biosynthetic pathways of chloroplast are encoded by nuclear genes, made in the cytoplasm and localized in the chloroplast. Precise targeting of these proteins is essential for rendering their biosynthetic function. An N-terminal extension called the chloroplast targeting peptide (cTP) helps in this precise targeting of the proteins into the chloroplast. Bacterial genes when expressed in plants require to be attached to these cTP encoding oligos at the 5 region. On average, the length of plastid transit peptides is 50 amino-acids but it varies between 13 and 146 amino acids 11 . The transit peptide encoding sequences from chickpea and pigeonpea translate to about 61 amino acids lying within the expected range (Table 1 ).
The chloroplast targeting peptide encoding sequences from chickpea and pigeonpea ferritin 1 gene were found to be highly conserved and closely associated with cTP from Pisum sativum. No sequence variation was found among the cTPs from wild and cultivated pigeonpea genotypes (Figure 1 a) . The Predotar software has predicted the presence of chloroplast targeting sequence in our submitted sequence with a probability of 0.63-0.69 showing a 70% likelihood of the isolated sequences to be targeted into chloroplast (see Supplementary Information  Table S1 online). ChloroP 1.1 predicted presence of cTP in the sequences with a significant score of 2.75 for peptide cleavage site (CS) ( Table 2 ). A score above 2 for CS represents the presence of authenticated CS in the test sequence. TargetP 1.1 predicted chloroplast localization of the isolated sequences with a high reliability class score of 2 (see Supplementary Information Table S2 online). The prediction of cTPs with above software individually was found to be of low accuracy than using a combination of cTP predictors as demonstrated in Arabidopsis 12 with 2,450 proteins. Initially, the transit peptide was thought to be enriched by serine and threonine 13 , but later they found the most abundant residue to be serine in Arabidopsis and alanine in rice. Serine has been found abundantly in the chickpea and pigeonpea ferritin 1 gene transit peptide and there are no threonine residues. The ferritin gene cTPs contain a conserved 'homology block' Gly-X-Arg-XXX-Val close to the cleavage or processing site (Figure 1 b) . This study has found many residues of serine and few of phenylalanine with no arginine in the N-terminal region of the transit peptide sequence. A low content of arginines, together with a high abundance of proline and serine in the N-terminal portion, would suggest a chloroplast targeting domain 14 . The three motifs identified in the study correlate with the common structure and modular organization of cTPs as described earlier 15 . The first motif constitutes N-terminal residues beginning with M/A-and terminating with G/P, a second central motif lacking acidic residues but enriched in S/T and a C-terminal motif enriched in arginine have been observed. One -helix and three -sheet structures were predicted in the C-terminal region of the sequence beyond the position of 45 amino acids. The analysis of secondary structures depicted that out of 79 residues, 45 (57%) are part of repeating secondary structures (helices and beta-sheets) and the remaining residues are involved in making H-bonds, to turns, bends or irregular structures. Absence of membrane interacting structures with a minimal content of regular secondary or higher order structures suggest cTPs to be flexible peptides with relative tolerance to deletions and insertions in their central region. The ferridoxin 1 transit peptides contain two discontinuous alpha helical domains and are amphipathic in nature determined by the presence of hydroxylated amino acids (Ser, Thr) in accordance with the cTP properties reported. The Phyre2 analysis of the transit peptide sequence showed a Nterminal similarity hit by a transferase protein in the PDB database (Figure 1 c) . The modelled residues were found to be present in the allowed regions of Ramachandran plot with a fairly good alignment confidence representing the reliability of pair-wise query-template alignment. A high degree of disordered regions were found in the N-terminal with ordered peptides in the C-terminal region of the cTP. This shows that the N-terminal regions are highly flexible and are distinct from irregular loop structures that are static in solution. Such flexible regions hinder protein crystallization supporting the role of cTPs in protein transport and not in the formation of functional domain of proteins. The modelled peptides were found to be devoid of active sites represented by none of the pockets detected in the functional analysis (Figure 1 d) . The cTP sequence also rendered a moderate to low mutational sensitivity showing that the cTPs are mostly conserved for their function in protein transport into chloroplast 10 . Previous studies have shown that ribulose bisphosphate carboxylase small subunit promoter-transit peptide sequence (rbcS-tp) system facilitates the accumulation of the cry1A protein in chloroplast at a level equivalent to 2% of the total soluble proteins in transgenic crops 16 . The cTP sequences isolated from chickpea and pigeonpea genomes in this study could be used for targeting the genes with novel traits into the chloroplast representing a highlevel expression system. Further, foreign proteins expressed at very low levels or toxic to the cytoplasm can be localized to intracellular compartments of chloroplast by fusing with cTP. It can also facilitate the genome editing of chloroplast genome and targeting of different cellular proteins into the chloroplast with higher and stable expression.
